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Abstract 

CN| ■ We will introduce a gauge model which an electromagnetic coupling constant and local mass 

are related to all the charge in the universe, we will use the standard Dirac action ,but where 
the mass and the electromagnetic coupling constant are a function of the sum of all the charge 
in the universe, which represent Mach principle for electromagnetic coupling constant. The 
formalisation is not manifestly Lorentz invariant, however Lorentz invariance can be restored by 
performing a phase transformation of the Dirac field. 

1 Introduction 

Oh" 

' Mach's principle is well known, as a principle that relates a local problems to a non local problem. 

tIh ■ The original Mach principle [5] is based on the claim that the inertial frames are influenced by 

the other celestial bodies. In other words' every mass in the universe is influenced by all the 
other masses in the universe. The Mach principle is still in a debate. In our article, we will try 
to show that there is a possibility to generalize Mach principle not only for mass but also for 
electromagnetic coupling constant in which the total charge brakes the locality of the problem 
(in the original Mach principle the mass broke the locality). 

in 

2 The electromagnetic coupling constant as a function of 
all the charge in the universe 

We take the action of the Dirac equation (see for example ref pQ) 

S = [ d 4 x^{W dp -eA^f - m)i> (1) 
H ' J 2 

C3 _ 

where ip — ip' 7 .However here we take the coupling constant to be proportional to the total 

charge (we will afterwards generalize and consider an arbitrary function of the total charge). 

e = A / i>\y,y =toMy,y°=t )d 3 y = \ f p(y,y° = t ) d 3 y (2) 



and we will show that physics does not depend on the time slice y° = tg 
so after the new definition of "e" the action will be: 



S= I d*xil)(x){-'f d» -m)if>(x) 



-A( / d 3 ytp(y,y° = toh°my° = *o))( / d 4 xtP(x)A fi rtP(x)) (3) 
we can express the three dimensional integral as a four dimensional integral 

d 3 y$(y 7 y° = t h°Tp(y,y =t Q )= [ d 4 y ^(y) 7 V(2/)% - to) (4) 
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so finally the action will be 



S = j d 4 x^{x)C-r -ro)#c)-A( / d*x$(x)Asf1>(x))(J d 4 y^(y) 7 V(y)% -to)) (5) 
if we consider the fact that ^(zj = 5 4 (x — z) S a b and = we set 

T^t = = / <5 4 (.t - - m)V(ar) d 4 ^ 

dip{z) J ' 

-A( / d 4 ^* - z)^fV(z))( / A i>(yh°My)6(y - t )) 



-A( y d 4 x^x)A^(x))( J <fy5\y - z)^(y)S(y u - to)) (6) 

so to accomplish our goal we need just to integrate the last equation, and then the expression 
will simplified to 

' )S = iyfd„ - m)^(z) - A( / i>(yh°Tj)(y)6(y° - t ) d A y)A^{z) 



Sip{z) 

-A( / ^(x)A^(x) d 4 x) 7 V(z)(^ - t ) (7) 



which can be simplified more by the use of new definition b e = X(J ipi^A^^ip^x) d 4 x) which 
is a constant, and by the definition in equation [2] 

[i-fB^ - m - eArf - b el °5(z° - t )]V(z) - (8) 



so we can see that the last term in the equation of motion[8]contains J 4^' F 7 At where A^ F = d^A 
and A = b e 9(z° — to) is a pure gauge field, so the solution of this equation is 

i/j = e^-^^o (9) 

where tpjj is the solution of the equation 

[vfd,, - to - eAp'fWD = (10) 

from which it follows that j M = ^PdI^^d — "ipj^ip and that Q = J d^xj is conserved, so it 
does not depend on the time slice . 

3 Mass as a function of all the charge in the universe 

we will show now that we can do the same thing as in paragraph [2] for the coupling constant of 
mass, we take the action equation Q] and take the mass to be equal to 



to = Ay ip~/°ipd 3 y (11) 

we do the same thing like in paragraph [2] so we expend equation [TT] like we did in equation 
2] and divide by Sip and do the integration, so we will get the motion equation 

= [irfdp - m - eA^rf - b ml °S(z° - t )]ip(z) = (12) 

where b m — A J ipi/) d 4 x. so again we have a gauge transformation, with the same conclusion 
like in paragraph [5] without violating Lorentz invariance. 
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4 General coupling constant as a function of all the charge 
in the universe 



for a general coupling constant "a" and a general function F(ip,ip) and a coupling constant "e" 
the action of the Dirac equation is 



S = j d*a^(~7" d„ -eA^ - m)V + / d 4 x[aF(^, ^)] (13) 

we take the coupling constants "a" and "e" as an arbitrary function g a and g e of 
Q = J^(y,y° = t )i>(y,y° = t )d 3 y 



a = g a ( ^(y,y° = hMy,y° = t )d 3 y) = g a ( p( y , y ° = t )d 3 y) (14) 



e = <? e ( J ^(y, y° = toMy, y° = *o) d 3 2/) = g*{ J p{v, y° = to) d 3 y ) (15) 

we put the last definition in equation [13] and expand equation [14] like we did in equation^ we 
do a variation and use the fact that = 5 4 (x — z) S a b and ||^fy = and do the integration 

as like we did in peragraph [2] so we get to the general motion equation 



[, 7 ^ _ m _ eA M y - fe ne7 »J( z » - t )Mz) + o( v y- ' y w/ ) = (16) 
0^(2) 0^(2) 

where 6 ae = d9 g^ J d 4 x F(ip, ip) + d3 Q^ J d 4 x 1/S7 pip A^ so we get that any coupling constant 
in this form can be a function of the charge in the universe without violating Lorentz invariance. 

5 Conclusion 

We have constructed a model that showed that we can make a new "Mach principle" for charge, 
in which all the electromagnetic coupling constant are a function of the total charge in the 
universe. 



^(y,y° =toMy,y° = t )d 3 y = / P ( y , y ° = t )d 3 y (17) 



We have showed that Lorentz invariance can be restored by just a phase transformation of 
the Dirac field. This shows that coupling constants can be taken not just as a given number but 
as a global function that depends on the global state of the universe in particular on the total 
charge of the universe, in the context of a consistent formalism. This is an explicit realization 
of something similar to the Mach principle, but now applied to charge rather than to mass. 
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